ABSTRACT
INTRODUCTION
MANET [1] is formed by the set of mobile nodes that are connected via wireless links without using any fixed infrastructure. Due to absence of centralized routers, each node in MANET has to act as a gateway, transmitter and receiver, making the routing task even more challenging than other conventional wireless networks. In addition to above several other factors such as areas shape where the network is to be deployed [2] , limited bandwidth, processing capability, memory, battery power, and unpredictable movement of the nodes also affect the reachability significantly. The unpredictable behaviour of nodes in MANET results in their random organization which alters the topology of the network rapidly and unpredictably. This unpredictable movement pattern of nodes is presented by various researchers by presenting an idea regarding their location, velocity and acceleration change over time and is termed as mobility model [3] [4] .
To evaluate the performance of mobility models on routing protocols, network simulator are designed which makes simulation modelling an invaluable tool for understanding the operation of these networks. Once the nodes in these networks are placed, the mobility model determines how the nodes move within the network. A variety of mobility models have been proposed for MANET [5, 6, 7, 8, 9, 10] , and a survey of many is presented in [3, 4, 11] . These models vary widely in their movement characteristics. All these models play a significant role in determining the reachability of routing protocols.
Literature study [4, 11, 12, 13, 20] has shown that the mobility model in use can significantly impact the performance of ad hoc routing protocols, based on packet delivery ratio, the control overhead, and the data packet delay. Hence, it is important to use mobility models that accurately represent the intended scenarios in which the protocol is likely to be used. In this way the performance of the protocol can be more accurately predicted. In this paper, we propose to create more realistic movement models by incorporating obstacles in the simulation area. The obstacles [14, 20] are placed within a network area to model the location of buildings within an environment, i.e. a college campus. This paper studies the impact of mobility models such as Random Way Point (RWP), Random Walk (RW) and Random Direction (RD) under the presence of obstacles on reachability of routing protocols.
The paper has been organized as follows: Section 2 provides the literature survey on mobility models used in our simulation, section 3 provides the simulator design and experimental setup parameters and section 4 describes the simulation and results followed by concluding remarks.
MOBILITY MODELS USED IN MANET
The various mobility models used to evaluate the performance (POR) of routing protocols are as follows
Random Way Point Mobility Model (RWP)
The RWP model was proposed by John and Maltz [15] in which all the nodes randomly select different locations as their destinations within the simulation area [3] [4] [16] . With the start of simulation the nodes start moving towards the selected destinations from their existing locations with uniform velocities selected randomly from the uniformly distributed array [0, V max ]. Once the node reaches at the destination, it stays there for some time known as pause time before moving to a new destination. The pause time is selected from the array [0, T pause ]. The above process is repeated until the simulation time is over. In RWP model the behaviour of the mobile nodes is completely described by the maximum velocity (V max ) and the Pause Time (T pause ). 
Random Walk Mobility Model (RW)
This mobility model [4] [16] [17] was developed and described mathematically by Einstein in 1926 to emulate the unpredictable movements of the particles known as Brownian motion . In this model a node starts its motion by selecting a direction with speed from the pre-specified ranges [0, 2*π] and [0, V max ]. The node moves for a fixed time interval t or moves for a fixed distance d. After distance d or time t, new direction and speed are selected from the prespecified ranges. If the specified time or distance is very small then the node's movement pattern will be restricted to a small portion of the simulation area and vice versa. If a particular node reaches to the boundary of simulation area it is bounced back with π-incoming angle and is termed as border effect. This model is a memory-less. Therefore, the current speed and the direction of the node is independent of its past speed and direction. 
Random Direction Mobility Model (RDM)
The random direction mobility model [3] [16] [18] was developed in order to over-come the flaws discovered in the RWM Model. The problem in the RWM Model is that the probability of a node to choose a new destination located at the centre of the simulation area, or a destination that requires path of the node through the centre of the simulation area is high. This results in clustering of mobile nodes near the centre of simulation area. In RDM model the node chooses random direction and velocity from the specified range [0, 2*π] and [0, V max ]. As the node reaches at the border of the simulation area, it waits there for pause time. After expiry of pause time, node chooses a new direction from [0, π] and starts moving again to-wards the simulation border in a new direction. This process continues until the simulation is over. This mobility model is similar to the RWM Model, with a small difference in motion of a node to the border of simulation in RD model instead of motion for constant time or distance as in RWM. 
SIMULATION AND EXPERIMENTAL SETUP

Metric Used
The Probability of Reachability (POR) [19] is used to evaluate the performance of different mobility models in idealistic and realistic conditions and is defined as "The fraction of possible reachable routes to all possible routes between all different sources to all different destinations". Mathematically it can be expressed as where 'n' is number of nodes.
The POR is calculated by checking the path existence between all pairs of sources and destinations. For this purpose a count variable is taken and initialized to zero value. If the path exists, variable count is incremented. In this way all combinations of source destination pairs are checked. The POR is calculated by using the above equation. To ensure complete randomness the process is repeated 25 times and average POR is calculated as shown in Fig. 4. 
Simulation Setup Parameter
Various Parameters used for the simulation process are as given in Table 1 .
Simulation Process
In Fig 4 the simulation process is explained using flowchart. Fig 5 and Fig. 6 shows the snapshot of the simulation area, where MANET nodes are to be deployed in and absence of obstacles using MATLAB as simulation tool. The path in red colour shows the Minimum hop routing between the nodes. The green colour rectangle represents the obstacles in the simulation region. Fig. 7 shows the impact of varying transmission range on Minimum Hop routing protocol in the presence of single obstacle. It can be easily observed from the graph that as the transmission range increases the value of POR increases. This is due to the fact with increase in transmission range of the nodes the neighbour node density increases, resulting in increase in the value of reachability. Another interesting point to be noted here is that in presence of single obstacle there is only a marginal difference in the performance of mobility models. Fig. 8 shows the impact of varying transmission range on the value of POR by placing two obstacles in the simulation region using Minimum Hop routing protocol. It can be observed from the graph that as the transmission range increases, the value of POR increases. Also from the comparison of three mobility models, it is observed that RWP mobility model has best POR performance followed by RD & RW mobility models. 9 shows the impact of varying transmission range on the value of POR for three mobility models using Minimum hop routing protocol by employing three obstacles in simulation region.
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Once again it is observed that with increase of transmission range the value of POR increases for all mobility models and RWP models performs best in terms of POR performance followed by RD & RW mobility models. Fig 10 shows the values of POR for all three mobility models in presence of varying number of obstacles for given transmission range (450 units). It can be observed that as the number of obstacles increases, more number of obstructions are created between nodes leading to decrease in the POR value. On comparison of three mobility models the RWP model performs best on the basis of POR value. 
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CONCLUSIONS
From the various simulation results the concluding remarks can be made as follows:
• The RWP mobility model is having highest POR in absence as well as in presence of one, two and three number of obstacles.
• At lower value of transmission range the POR value of all the three models is significantly low. This is due to the fact that at lower transmission range the number of neighbour per node is quite low.
• The presence of obstacles significantly reduces the POR value, since the obstacles not only restricts the node movement but at the same time reduces the effective transmission range of the nodes.
It can be concluded that the performance of all the mobility models is very much influenced in the presence of obstacles as can be seen from all the above mentioned results.
